Future Trends of Mediterranean Biodiversity (II) by Goffredo, Stefano
Future Trends of Mediterranean Biodiversity (II) 
[Templado J., 2014. Future Trends of Mediterranean Biodiversity. In: Goffredo S., Dubinsky Z. 
(eds) The Mediterranean Sea: Its history and present challeges. Springer, Dordrecht, p 479-498] 
Main Anthropogenic Direct Impacts 
 
Human activities are now the strongest driver of change in marine biodiversity at all levels of 
organization; hence, future trends will depend largely on human-related threats (Sala and 
Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Coastal development 
Habitat modification, fragmentation, degradation and loss are 
widely considered some of the most serious threats to all 
components of diversity, structure and functioning of marine 
coastal ecosystems and to the goods and services they provide 
(Claudet and Fraschetti 2010).  
 
Fragmentation of natural habitats is itself a major cause of local 
species extinction.  
 
Coastal development, along with pollution and sediment loading 
have notably reduced the extension of important habitats for 
marine diversity, such as seagrass meadows. 
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Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Coastal development 
Recruitment patterns govern the establishment of new populations and hinder the extinction of local 
populations. 
 
If there are no suitable habitats for recruitment, larvae of many species will die without having found an 
appropriate place to settle.  
 
The role of marine protected areas (MPAs) as exporters of larvae has been highlighted often, but this is not 
much use if the larvae that are exported do not find suitable places to settle outside of MPAs.  
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Human activities are now the strongest driver of change in marine biodiversity at all levels of 
organization; hence, future trends will depend largely on human-related threats (Sala and 
Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Overfishing and Exploitation of Living Resources 
 The most important negative consequence of fishing 
activities is the degradation of marine ecosystems by 
removal of target or non-target species and by physical 
disturbance inflicted by some fishing gear. 
 
Bottom trawling (“pesca a strascico”) causes 
continuous alteration and destruction of continental 
shelf benthic communities and produces large amounts 
of discards of benthic invertebrates, accounting for up 
to 80 % of the catch. 
Sketch showing the design and impact of a bottom trawl equipped with rollers 
and heavy doors (from Freiwald A., Fosså J. H., Grehan A., Koslow T., Roberts J. 
M., 2004, Cold-water Coral Reefs. United Nations Environment Programme -  
World Conservation Monitoring Centre, Cambridge).  
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Overfishing and Exploitation of Living Resources 
 Overexploitation by intensive and long time 
harvesting has led to a serious decline in some 
benthic invertebrates, such as the red coral Corallium 
rubrum (Santangelo et al. 1993), date-mussel 
Lithophaga lithophaga (Fanelli et al. 1994), large 
demosponges (Pronzato and Marconi 2008) or many 
shellfish (Volulsiadou et al. 2009). Some aggressive 
practices affect ecosystems, such as dynamite 
fishing. 
Blast fishing or dynamite fishing is the 
practice of using explosives to stun or 
kill schools of fish for easy collection. 
This illegal practice can be extremely 
destructive to the surrounding 
ecosystem, as the explosion destroys 
the underlying habitat  that supports 
the fish. The frequently improvised 
nature of the explosives used also 
means danger for the fishermen as 
well, with accidents and injuries. 
Corallium rubrum; Anthozoa 
Lithophaga lithophaga; Bivalvia  
Spongia officinalis; 
Demospongiae  
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Pollution 
 Eutrophication and pollution arise from agriculture, industrial activity, tourism and human population 
growth that have become serious problems. 
 
Water transparency shows a declining trend of −0.1 m year−1 in the NW Mediterranean (Marbà and 
Duarte 1997), that provides further evidence for deterioration of water quality along the 
Mediterranean littoral. The increase of water turbidity in the last decades can be the result of an 
increase in suspended sediment in the water, an increase in suspended particulate organic matter, 
or both. 
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Pollution 
 The decreasing water transparency has important consequences for the ecosystems, mainly in 
their vegetal components. Many algal species, but also Posidonia oceanica, are sensitive to a 
reduction in water transparency. The decline or loss of some deep-water species, mainly fucales, 
such as Cystoseira spinosa and C. zosteroides, has been detected in recent decades (Thibaut et 
al. 2005) accompanied by a tendency to shift their deeper distribution limits to an upper level. 
Posidonia oceanica; 
Magnoliopsida  
Cystoseira spinosa; 
Phaeophyceae  Cystoseira zosteroides; Phaeophyceae  
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Main Anthropogenic Direct Impacts 
 
Human activities are now the strongest driver of change in marine biodiversity at all levels of 
organization; hence, future trends will depend largely on human-related threats (Sala and 
Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Species Introduction 
Human  activities  are  favoring  the increasing introduction of alien species. 
 
In the last decades, enhanced mainly by the opening of the Suez Canal, aquaculture and ship transport, 
hundreds of alien species reached and established themselves in the Mediterranean. 
 
The list of alien species that have invaded the Mediterranean Sea is continuously increasing, particularly in 
the eastern basin. Today more than 600 alien species have been reported in the Mediterranean (Galil 2008). 
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Human activities are now the strongest driver of change in marine biodiversity at all levels of 
organization; hence, future trends will depend largely on human-related threats (Sala and 
Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Species Introduction 
Most of the species introduced to the basin are thermophilic originating in the tropical Indo-Pacific 
(Lessepsian migration from the Red Sea, across the Suez Canal). The bulk of the introduced species have 
been confined for long to the easternmost Levantine shores, but the general  warming  of  the  
Mediterranean  favours  their spread (Occhipinti-Ambrogi 2007). 
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Main Anthropogenic Direct Impacts 
 
Human activities are now the strongest driver of change in marine biodiversity at all levels of 
organization; hence, future trends will depend largely on human-related threats (Sala and 
Knowlton 2006). 
 
The most widespread human activities causing direct impacts on biodiversity are coastal 
development,  overfishing, exploitation of living resources, pollution and introduction 
of species (alien species). 
 
Species Introduction 
The spread of these species may lead to  increasing risk of local extinction of native species, loss of 
ecosystem functions, and alteration of both habitat structure and ecosystem processes (Boero et al. 2008).  
Future Trends of Mediterranean Biodiversity (II) 
[Templado J., 2014. Future Trends of Mediterranean Biodiversity. In: Goffredo S., Dubinsky Z. 
(eds) The Mediterranean Sea: Its history and present challeges. Springer, Dordrecht, p 479-498] 
Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Global warming is now recognized as the predominant threat to biodiversity in many parts of the world. 
 
The global warming observed since the end of the nineteenth century has been mainly caused by the impact of human activities on 
the Earth’s climate system. 
 
The enclosed Mediterranean basin is a miniature ocean where the effects of climate change are likely to be more apparent earlier 
than in other more open seas and oceans (Coll et al. 2010). 
 
In the Mediterranean, a positive trend in temperatures is clearly seen after the mid 1970s (0.040 °C/year for surface water and 0.025 
°C/year at 80 m depth since 1975; Coma et al. 2009). 
 
At least three well-documented heat waves impacted the NW Mediterranean in the summers of 1999, 2003 and 2006. 
 
Furthermore, the frequency of other extreme events (severe storms, droughts, floods) has increased in recent decades and is likely 
to further increase in the future (Calvo et al. 2011). 
A strong and well-
documented 
Mediterranean 
tropical-like 
cyclone near Sicily 
on 8 November 
2014 
March 1, 2016 
NASA Finds Drought in 
Eastern 
Mediterranean Worst 
of Past 900 Years 
Nov 19, 2013 
Italy In State Of Emergency After Flash Floods 
 
Oristano – What is being referred to as the largest 
Mediterranean storm in centuries was recorded in 
Italy. Flash floods that killed at least seventeen 
people and displaced hundreds more swept 
through the Italian island of Sardinia. 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Rapid  warming  of  the  Mediterranean  and  
heat  waves threaten marine biodiversity and, 
particularly, marine ecosystems already 
stressed by other impacts, such as Posidonia 
oceanica meadows. 
 
A clear relationship between increasing 
seagrass shoot mortality rates and increased 
warming has been highlighted by Marbà and 
Duarte (2010), even in pristine meadows, 
which provides evidence that warning alone 
has the potential to cause abrupt mortality in 
Posidonia meadows.  Posidonia oceanica; Liliopsida, Najadales, Posidoniaceae  
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Climate change is causing shifts in the 
geographical distribution of species to keep 
within their thermal regime, associated with 
local extinction and contraction/expansion of 
their distribution ranges. 
 
The most evident phenomenon correlated 
with global warming is the successful 
geographical spread of species of warm water 
affinity (Boero et al. 2008). 
 
These distributional changes are clearly 
evident for highly mobile species (mainly fish), 
but also for some benthic invertebrates (Fig. 
28.1).  
Fig. 28.1   Many species of warm water affinity, such as the sea star 
Ophidiaster ophidianus, are spreading to the northern sectors of the 
Mediterranean Sea (Author: J.C. Calvín) 
Stella serpente 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Northward displacement in the Mediterranean Sea is limited due to the physical presence of the 
European continent. Cold water species may disappear from areas of the Mediterranean. 
 
In the Mediterranean Sea climate change combines with Atlantic influx, lessepsian migration of 
alien species and the direct introduction of other alien exotic species by humans, leading to the 
establishment of tropical marine biota (Bianchi 2007). 
 
The Suez Canal serves as a gateway for alien species migration, also facilitating the expansion of 
ship-borne fouling biota. 
 
There is also an increasing settlement by tropical Atlantic newcomers entering the 
Mediterranean through the Strait of Gibraltar. 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Ben Rais Lasram and Mouillot (2009) pointed out that the currently warmer Mediterranean is 
acting increasingly as a “catchment basin” for southern species. They recorded 127 thermophilic 
fish species that supplemented in the last decades the Mediterranean fauna, 65 lessepsian 
species (aliens) and 62 coming from the Atlantic (non-aliens). This influx of tropical/thermophilic 
non-indigenous species into the Mediterranean is one of the most remarkable biogeographic 
phenomena of today (tropicalization). 
 
Observed changes due to climate change involve both indigenous species subjected to a process 
named “meridionalization” and non-indigenous species, subjected to a process defined as 
“tropicalization” (Boero et al. 2008). 
MERIDIONALIZATION    <---------->      INDIGENOUS SPECIES 
TROPICALIZATION           <---------->     NON-INDIGENOUS SPECIES (ALIENS AND NON-ALIENS) 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
In one hand, if the Mediterranean Sea is becoming ‘tropical’, on the other hand those species of boreo-Atlantic origin that entered the Mediterranean during 
glacial periods and established themselves in the northern colder areas of the basin cannot migrate further northward due to the geographic configuration of 
the Mediterranean. Therefore there is the risk of extinction of these cold-water species from the Mediterranean.  
 
According to the analyses of Ben Rais Lasram et al. (2010): 
1) by the middle of the 21st century, the coldest areas of the Mediterranean Sea (Adriatic Sea and Gulf of Lion) would act as a refuge for cold-water species, 
but by the end of the century, those areas were projected to become a ‘cul-de-sac’ that would drive those species towards extinction; 
2) at the end of the 21st century, the extinction of Acipenser naccarii, Buenia affinis, Corcyrogobius liechtensteini, Didogobius schlieweni, Gobius geniporus, 
Microichthys coccoi, Opeatogenys gracilis, Paralepis speciosa, and Speleogobius trigloides in the Mediterranean Sea would represent irreversible 
extinction, because these species are strictly endemic. 
A. naccarii; Actinopterygii, 
Acipenseriformes, Acipenseridae    
B. affinis; Actinopterygii, 
Perciformes, Gobiidae     
C. liechtensteini; Actinopterygii, 
Perciformes, Gobiidae     
D. schlieweni; Actinopterygii, 
Perciformes, Gobiidae    
G. geniporus; Actinopterygii, 
Perciformes, Gobiidae    
M. coccoi; Actinopterygii, 
Perciformes, Epigonidae     
O. gracilis; Actinopterygii, 
Perciformes, Gobiesocidae      
P. speciosa; Actinopterygii, 
Aulopiformes, Paralepididae       
S. trigloides ; Actinopterygii, 
Perciformes, Gobiidae       
Storione cobice Ghiozzetto di de Buen 
Ghiozzo di Liechtenstein 
Ghiozzo leucomaculato Ghiozzo geniporo 
Microittio Succiascoglio 
della 
Posidonia Barracudina comune 
Ghiozzo di grotta 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
An example of cascading effects caused by global warming is exemplified by the competitive 
interactions between the common native sea urchins Paracentrotus lividus and Arbacia lixula 
and their effects on  the invasive coral Oculina patagonica. 
Paracentrotus lividus; Echinoidea, 
Echinoida, Echinidae     
Arbacia lixula; Echinoidea, 
Arbacioida , Arbaciidae     
Oculina patagonica; Anthozoa, 
Scleractinia, Oculinidae    
Riccio femmina Riccio maschio 
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Impacts of Global Warming (“Tropicalization”?) 
In the Mediterranean Sea both urchins coexist in rocky shallow waters and are considered the 
main controlling factors of the dynamics, structure and composition of infralittoral macroalgal 
assemblages. Arbacia lixula, a thermophilic species, exerts a major role in barren areas 
formation and maintenance. 
 
The two species have a clearly different thermal optimum at the larval stage: A. lixula showed 
higher larval survival at higher temperature than P. lividus (Privitera et al. 2011).  
Paracentrotus lividus; Echinoidea, 
Echinoida, Echinidae     
Arbacia lixula; Echinoidea, 
Arbacioida , Arbaciidae     
Oculina patagonica; Anthozoa, 
Scleractinia, Oculinidae    
Riccio femmina Riccio maschio 
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Global Change 
 
Impacts of Global Warming (“Tropicalization”?) 
Paracentrotus lividus; Echinoidea, 
Echinoida, Echinidae     
Arbacia lixula; Echinoidea, 
Arbacioida , Arbaciidae     
Oculina patagonica; Anthozoa, 
Scleractinia, Oculinidae    
This allows to predict a potential decline of P. lividus populations, while A. lixula should benefit 
from higher temperatures. In turn, this leads to expect an increase of the barren areas.  
 
Furthermore, Coma et al. (2011) found evidence that barren areas facilitate the recruitment and 
proliferation of the alien coral Oculina patagonica. 
 
This shows the potential effects of global warming on the dynamics of invasive species. 
X Riccio femmina Riccio maschio 
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Global Change 
 
Impact of Acidification 
The anthropogenic increase in the concentration of atmospheric carbon dioxide is reducing the pH of seawater on a global scale (a process 
termed “ocean acidification”), changing the chemistry  of carbonate.  
Center for Microbial Oceanography: Research and Education 
(The University of Hawai‘i System)  
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Global Change 
 
Impact of Acidification 
Acidification  can be detrimental to the calcification process. 
All’aumento della acidità dell’acqua del 
mare è associato il decremento della 
concentrazione dello ione carbonato 
pH         [CO32-] 
“Linkages between the buildup of 
atmospheric CO2 and the slowing 
of coral calcification due to ocean 
acidification. Approximately 25% of the 
CO2 emitted by humans in the period 
2000 to 2006 was taken up by the 
ocean where it combined with water to 
produce carbonic acid, which releases a 
proton that combines with a carbonate 
ion. This decreases the concentration of 
carbonate, making it unavailable to 
marine calcifiers such as corals” (Hoegh-
Guldberg et al. 2007, Science, 318: 1737-
1742). 
Valori di Ωarag > 1 indicano supersaturazione 
 
Valori di Ωarag < 1 indicano sottosaturazione 
Siccome [Ca 2+] è circa cento volte maggiore di [CO32-] ed è un elemento conservativo dell’acqua di mare (10 mM 
nell’acqua di superficie dal Precambriano; Kempe e Kazmierczak 1994, Bull Inst Oceanogr Monaco, 13: 61-117; Marubini 
et al. 2001; Mar. Ecol. Prog. Ser., 220: 153-162), Ωarag è largamente determinato da [CO32-]  (Reynaud et al. 2003, Glob. 
Change Biol., 9: 1660-1668).  
arag 
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Global Change 
 
Impact of Acidification 
Hence marine organisms with calcareous skeletons, shells or plates are threatened by ocean 
acidification. These include major bioconstructing organisms, such as scleractinian corals, 
bryozoans or red coralline algae, but also molluscs, crustaceans, echinoderms, foraminifera and 
some calcifying phytoplankton (mainly coccolithophorides) as well as zooplancton (pteropods 
and larvae of many groups). 
2 mm 
1 µm 
scleractinian corals; Anthozoa bryozoans; Gymnolaemata  red coralline algae; Florideophyceae   molluscs; Bivalvia   
echinoderms; Echinoidea   foraminifera; Globothalamea    
coccolithophorides; 
Prymnesiophyceae     
pteropods; 
Gastropoda    
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Global Change 
 
Impact of Acidification 
Recently an estimation of a pH decrease of up to 0.14 units has been identified in the western 
Mediterranean Sea since preindustrial times, which is of higher magnitude than the global 
surface ocean decrease of about 0.1 units over this time period (Calvo et al. 2011). 
Second 
industrial 
revolution 
1856-1878 2000 
pH OPEN OCEAN                                         8.2                                                   8.1 (-0.1)       
pH WESTERN MEDITERRANEAN SEA       8.2                                                    8.06 (-0.14)  
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Global Change 
 
Impact of Acidification 
Recently an estimation of a pH decrease of up to 0.14 units has been identified in the western 
Mediterranean Sea since preindustrial times, which is of higher magnitude than the global 
surface ocean decrease of about 0.1 units over this time period (Calvo et al. 2011). 
Second 
industrial 
revolution 
1856-1878 2000 
pH OPEN OCEAN                                         8.2                                                   8.1 (-0.1)      +23% [H+] 
pH WESTERN MEDITERRANEAN SEA       8.2                                                    8.06 (-0.14) + 35% [H+] 
